The use of Diagnosis Related Groups (DRGs) may not be an accurate tool to provide reimbursement for trauma services. This study aimed to determine whether Australian Refi ned Diagnosis Related Groups (AR-DRGs) adequately describe the trauma patient episode and to identify AR-DRG groupings where reimbursement was not commensurate with actual cost. The AR-DRG allocated costs and actual costs of a sample of 206 trauma patient episodes were reviewed during a three-month period. Of the AR-DRG groups identifi ed in the patient episodes, 62.8% were not commensurate with actual cost incurred, equating to an overall loss of $113,921 from under-funded acute trauma patient episodes over a three-month period. Assault-related penetrating trauma, traffi c-related and sport-related incidents were all inadequately reimbursed using AR-DRGs compared with the actual cost of treatment. Cases involving female patients, patients aged 45 years or less and those with moderate injuries were similarly underfunded. AR-DRGs are not adequate to describe the extent of injuries experienced by trauma patients and there is a need to investigate alternative funding models for trauma services.
Introduction
To reimburse hospitals for treatment provided, healthcare funding models attempt to estimate the cost of hospital treatment for specific types of clinical procedures. An episode-based funding model (also known as casemixbased funding) has been adopted for acute healthcare services in New South Wales (NSW), Australia (NSW Health Department 2010). Episode-based funding means that a health care facility is allocated a predetermined financial payment for each type of patient episode (Curtis, Bollard & Dickson 2002) . In acute care in Australia, types of patient episodes are defined using Australian Refined Diagnosis-Related Groups (AR-DRGs). This type of funding model provides a financial incentive for hospitals to avoid providing unnecessary services or extending a patient's hospital stay (MacKenzie et al. 1991) .
For some health conditions, such as those encountered in rehabilitation or palliative care, AR-DRGs have not been found to be good indicators of the 'true' types of patient episodes (Eager & Harvey 2001) . The same can be said for trauma patients, where AR-DRGs have not always been found to be appropriate indicators of the care that is required for these patients (Campbell et al. 1995) .
Approximately 2,300 individuals who are severely injured (Injury Severity Score [ISS] >15) receive specialist care at trauma centres in NSW each year (NSW Institute of Trauma and Injury Management 2010), yet these patients represent a small proportion (20-30%) of the overall burden of trauma to trauma centres. For example, at St George Public Hospital (SGPH) in South East Sydney, there are around 250 patient admissions with an ISS>15 each year. There are, however, a further 750 trauma patients that require admission to hospital . Severely injured trauma patients often have complex care needs as they often have multiple injuries, in more than one body region (Jacobs & Jacobs 1992) . For this reason the determination of appropriate AR-DRGs derived from the clinical coding process can be difficult (Curtis, Bollard & Dickson 2002) .
In an environment of increasing healthcare costs and competition for finite resources, economic data relating to the cost of injury and illness are becoming integral factors in the development of health services policy. Therefore, it is important to have appropriately costed hospital treatment/service utilisation funding models and subsequent resource allocation to avoid under-resourcing of the hospital sector. Funding for the acute inpatient portion of trauma patients' care which takes place outside of the emergency department (ED) and intensive care unit (ICU) is based on AR-DRG cost weights, derived from NSW Health Program and Product Data Collection (PPDC) costing results. Accordingly, it is necessary to establish whether AR-DRGs adequately describe the acute trauma patient episode.
Aim
This pilot study aims to determine whether AR-DRGs adequately describe the in-hospital trauma patient episode and to identify AR-DRG groupings where reimbursement is not commensurate with actual cost.
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Method
The pilot study method used for this research is described in detail elsewhere ) and is outlined here.
Patient identifi cation
All patients presenting to the ED of SGPH during a three-month period (November 2006 to January 2007 were assessed by the duty Trauma Case Manager (TCM) to determine if they fulfilled trauma criteria (Figure 1 ). Inter-hospital transfer patients were identified by the TCM and the nurse-in-charge of each ward and included in the study.
For the patients that met trauma criteria (n=206), information was collected by the duty case manager during the course of their daily patient round and medical record review for the hospital trauma database. This information routinely includes: patient demographics, the mechanism of injury, injury severity, injuries, length of stay and outcome. The patient's medical record number and date of admission were used to link to episode level costing and utilisation data produced by the hospital's patient costing system Access database. The clinical information in Trendstar is based on patient data from the hospital Patient Administration System, which is accessed via an interface with the Health Information Exchange (HIE). The HIE is NSW Health's data warehouse and acts as a repository for a number of data collections. The additional clinical information, such as theatre, prostheses, pharmacy and allied health, was sourced from a variety of interfaced, non-interfaced and paperbased systems.
Casemix costings
Data management and analysis
The patients' injury severity was coded using the Abbreviated Injury Scale (AIS), the most widely used anatomic injury severity scale in the world (Association for the Advancement of Automotive Medicine 1990). It is used in epidemiological research, trauma centre studies predicting survival probability, patient Vital signs 1 RR <10 or >30 per minute 2 Cyanosis or oxygen saturation <90% 3 Systolic blood pressure >90 mHg (if age >5 years) or no palpable BP in children 4 Heart rate <50 or >120 beats per minute 5 GCS <14 or fi tting 6 Pupil(s) dilated or non-reactive Injuries 1 Obvious fracture of two or more long bones (humerus/femur/tibia) 2 Suspected spinal cord injury (motor weakness/paralysis) 3 Crush injury or amputation of a limb proximal to wrist/ankle 4 Penetrating injury to head, neck, chest, abdomen, groin or back 5 Abdominal distension or rigidity 6 Facial and/or airway burns (suspected inhalation injury) 7 Burns >20% in adults 8 Burns >10% in children 9 Age >65 with suspected torso or major head injury 10 Pregnant patient with suspected head or torso injury CLINICAL JUDGEMENT AND DELAYED CRITERIA MANIFESTATION/IDENTIFICATION 1 Not all serious injuries meeting trauma team activation will fall under one of the above categories.
Thus, a senior clinician may decide to activate a trauma based on clinical judgement. 2 If the above criteria are not identifi ed or evident on initial presentation, the trauma call should be activated immediately on recognition, regardless of time after presentation. 
NOTE: ED = Emergency
Results
Males accounted for just less than three-quarters (73.8%) of trauma admissions and the mean age of patients was 44 years (sd 22.3; range 0-92). Around half (49.5%) of patients had a minor to moderate ISS. Just over half (51.5%) of the trauma presentations were traffic-related (Table 1 ). The median length of stay (LOS) was three days (range 1-126), while the median AR-DRG allocated LOS was 3.7 days (range 1.2-127.6).
For the AR-DRGs allocated to the 206 trauma patients, the average in-hospital AR-DRG reimbursement was $12,751 (range: $1,370-$147,988), while the average Procedures that were performed on females, younger patients, and less severely injured patients were all inadequately funded using AR-DRGs compared with the actual cost of treatment. Traffic-related incidents (excluding pedestrians), assault-related penetrating trauma, sport-related and incidents involving self-harm were all under-funded using the current cost weights and price allocated to AR-DRGs to fund the cost of treatment (Table 2) . Of the 43 AR-DRG groupings identified in this group of patients, there were 27 (62.8%) AR-DRG groupings where reimbursement was not found to be commensurate with actual cost incurred, totalling -$400,912; and 16 (37.2%) where the type of treatment was overfunded, totalling $286,991. This equated to an overall loss of $113,921 from under-funded trauma treatment costs. Under-funded procedures commonly involved treatment for head injuries, chest trauma, musculoskeletal disorders, injuries to extremities, and severe burns (Figure 2 ). For example, a patient with an AR-DRG of E66A (Major Chest Trauma A >69 + Cc) who had three fractured ribs, a fractured sternum, an upper limb laceration, soft tissue injuries of the ankle and cervical spine had a treatment reimbursement of $7,193 but had an actual treatment cost of $94,617. Also, a patient with DRG B79Z (skull fractures) had also sustained a small subdural haemorrhage, sub-arachnoid haemorrhage, cerebral contusions and a scalp haematoma. The DRG cost allocation was $3,953 and the actual cost was $26,705. This patient was most likely incorrectly coded.
Discussion
The allocation of AR-DRGs for a trauma patient can be a complicated process as often these patients have multiple injuries (Taheri et al. 1999) . This study has shown that AR-DRGs do not adequately represent the trauma patient episode in this pilot sample. This is most likely due to the complex nature of trauma that usually results in multiple injuries not represented by a defined event or single AR-DRG, such as for an isolated limb fracture. Studies conducted in relation to the costing of various healthcare services in Australia do not specifically include or describe the full scope of trauma (Hyder, Meddings & Bachani 2009; Aucar & Hicks 2005; Antioch & Walsh 2000) . However, findings from this pilot study are supported by the international literature, which has consistently demonstrated that the AR-DRG method of describing the complex trauma patient's injuries is insufficient and underestimates the true cost of the patient's
Reviewed articles
were all under-funded in the current study, they also had the largest variance in AR-DRG LOS. These injury mechanisms have also been found to be costly in other studies in the United States (Clancy et al. 1994 , Dimick et al. 1986 , Siegel et al. 1993 . Industrial injuries, falls and sport-related injuries all appeared to be over-funded in the current study, although there was no difference in compensability status or injury severity. Around one-third of falls for each type of height involved head injuries which could account for some of the funding imbalance for this injury mechanism.
The example of the patient with DRG B79Z highlights that clinical coding errors can occur and contribute to funding variance. Note: DRG = diagnosis related group; LOS = length of stay; ISS = injury severity score treatment requirements (Aucar & Hicks 2005 , Grotz et al. 2004 Pape et al. 2009; Jacobs & Jacobs 1992 ).
In the current study, the average AR-DRG cost increased as injury severity increased. However, less severely injured patients appeared to be under-funded using AR-DRGs compared with those that were severely injured. This result could partially be explained by the limitations of the ISS system, as it only allows the scorer to include one injury per body region (e.g. head, chest, abdomen), which may lead to an underestimation of the patient's overall anatomic injury severity, because the patient's most severe injuries may not be represented if they have more than one severe injury in a single body region. The New Injury Severity Score (NISS) (Association for the Advancement of Automotive Medicine 1990) scores the patient's three most severe injuries, regardless of body region. While the NISS was not available for this analysis, the NISS has been reported to more accurately represent the severity of injury and subsequent risk of mortality (Osler, Baker & Long 1997 , Brenneman et al. 2009 ). This could further be explained by the variance in LOS. The actual LOS was on average three days longer than the AR-DRG allocated LOS for severely injured patients.
Assault-related penetrating trauma, burns, injuries to pedal-and motor-cyclists and motor vehicle occupants 
At the study hospital, ICD-10-AM coding of trauma patients is undertaken with the assistance of the trauma database. The trauma database contains data obtained by TCM on their daily rounds and is edited and maintained by a dedicated data manager. This was instigated to improve the accuracy of coding the complex trauma patient (Curtis, Bollard & Dickson. 2002) . Cost containment and effective financial management has become increasingly important for hospitals in recent years. These findings suggest that in relation to the complex patient, improved financial modelling is required. While several trauma centres in Australia have taken the lead in cost containment and efficacy of trauma patient care using strategies, such as trauma case management (Curtis et al. 2006) , clinical pathways (Sesperez et al. 2001 ) and dedicated admitting teams (Ursic et al. 2009 ), without accurate and adequate resource funding in the first instance, many of these initiatives, while clinically significant, may not impact greatly on the overall financial management of the trauma casemix.
This study did have some limitations. As it was a pilot study, the findings may have limited generalisability to other trauma centres. However, overall AR-DRGs have been found to underestimate the true direct cost of trauma in other locations (Aucar & Hicks 2005 , Grotz et al. 2004 , Pape et al. 2009 , Jacobs & Jacobs 1992 ). There could have been seasonal variance in the type of injury mechanisms experienced as the study only assessed the cost of trauma cases during a short three month period. However, the proportion of injury mechanisms is similar to the NSW state annual profile (NSW Institute of Trauma and Injury Management 2010).
This study has highlighted the fact that AR-DRGs are not adequate to describe the extent of injuries experienced by trauma patients and has shown that there is a need to now develop adequate funding models for trauma. In order to establish such a model the financial and clinical burden of trauma casemix in NSW's designated major trauma centres (NSW Health Department 2009) needs to be clearly described. There is a need for a larger, multicentre study to estimate the direct cost of the acute treatment of trauma and to identify factors, such as demographics and circumstances of the injury event, that are associated with higher treatment costs across trauma centres.
